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Considerable progress in understanding the behavior of Brittle Matrix Composites (BMC)
and the criteria which govern their material design by continuing a systematic study of a class of
composites having controlled fiber spacing and both coated and uncoated fibers. Tests on these
materials have led to a more satisfying validation of our semi-empirical model of microcrack
initiation than we had achieved previously and also a new mechanistic model for this failure
mode has been derived. Furthermore, detailed microscopic inspection of failed specimens has
displayed numerous features that characterize the failure surfaces and present important
challenges for the analyst. In conjunction with our axisymmetric damage model, we are now
able to postulate and demonstrate five (including fiber fracture), rather than the commonly
assumed two, scenarios of damage initiation and growth. We have also extended the analysis to
include secondary cracking, so that damage tolerance issues can be addressed. Models for matrix
crack spacing, debond length, fiber penetration, ultimate composite fracture, and very precise
details regarding interfacial morphology. Our recently-completed friction and transverse models
will provide future support for this study. A monograph has been prepared and is accepted for
publication. We have also made significant progress on the derivation and validation of models
of the transverse failure modes in both pedigreed and realistic BMCs. Here, the modes of
interfacial debonding and radial matrix and coating cracking have been analyzed and compared
to experimental observations.

We have initiated the development of the in-house capability to measure thin
coating elastic properties by an indentation method, characterization of the interface(s) by
application of transverse loading guided by the new model, and inclusion of the effects of
friction in the damage analysis. Our future plans call for the application of our micro-
mechanical models (and testing) to derive a rigorous failure criterion for structural
composites such as graphite-epoxy. Furthermore, it will be necessary to incorporate a
micro-continuum model to provide a realistic assessment of the influence of macroscopic
stress gradients, which has never been accomplished in the presence of 3D stress
concentrations.

We have continued our focus in the environmental initiative on the development
of a 3D model, called SVELT to predict accurate stress fields in composite laminates
containing cavities, rigid and elastic fasteners, including treatment of surface contact
conditions. This model is based on the approximation of stresses by spline functions,
which create smooth continuity conditions, unlike the discontinuities that occur in every
element of conventional FEM models. Testing has commenced to generate
heterogeneous local damage in the layers for comparison with model predictions. We
hope to formulate a sound macroscopic criterion for damage initiation at room
temperature by coupling this work with the micro-mechanical models. Once this has
been accomplished, the effects of elevated temperature and moisture will be studied.
Another accomplishment in this area is the development of a laminate model
incorporating delamination and transverse cracking failure modes. This model is an
important tool in guiding our basic experimental characterization program to measure
laminate fracture properties.



Our future plans in this area involve the incorporation of transverse cracks and
delamination in the SVELT model and the intensive experimental studies to track damage
initiation and growth in a laminate will continue. Correlation of the two are expected to
lead to an accurate failure theory at the ply level. This should provide a basic
understanding of the so-called bearing failure modes which are handled purely by
empirical means in aircraft design at the present time. All this work is the natural
precursor to studies under complex environmental conditions.

Attached is a bibliographic listing of publications associated with this work.
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